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Abstract 
Is it possible for gauginos from a supersymmetric theory to behave like left-handed quarks of the 
Standard Model?  Starting with a softly-broken supersymmetric U(3)xU(3) gauge theory, the 18 
adjoint-representation gauginos are replaced with 2 families of 9 gauginos in the (3,3*) 
representation of the group.  It is shown that even after this explicit breaking of supersymmetry, 
quadratic divergences still cancel to at least two loops.  After spontaneous gauge symmetry 
breaking down to SU(3)xSU(2)xU(1), the theory is able to reproduce the main features of the 
Standard Model (including the CKM matrix), with gauginos playing the role of left-handed 
quarks and sleptons playing the role of the Higgs Boson.  
 
Introduction: 
Most reviews of supersymmetry (SUSY) (see for example [1-5]) state that none of the 
particles that have so far been observed experimentally can be supersymmetric partners of each 
other.  This conclusion is supported by a theorem from Haag, Lopuszanski, and Sohnius (HLS) 
[6] which showed that supersymmetric partners (in N=1 supersymmetry) have to be in the same 
representation of the gauge group.  For example in a supersymmetric model describing observed 
particles, this restriction would prohibit left-handed quarks from being the gaugino 
supersymmetric partners of gauge bosons, since the former are in the (3,2) representation of the 
group, while the latter are in the adjoint representation.   
The theory considered here has explicitly broken supersymmetry, so the HLS theorem 
does not apply.  It is constructed by starting with a supersymmetric U(3)xU(3) theory, adding 
“soft” SUSY-breaking terms to it [7,8], and then replacing the 18 adjoint-representation gauginos 
with two families of 9 gauginos, each family in the (3,3*) representation of the group.  Addition 
of “soft” SUSY-breaking terms does not disqualify a theory from being called “supersymmetric” 
(e.g. the MSSM [9-11]), since these terms can arise from spontaneous breaking of 
supersymmetry, so they do not lead to quadratic divergences.  But there is no proof that 
spontaneous supersymmetry breaking can produce a change of gaugino representations.  That 
being said, it has been shown that spontaneously gauge symmetry breaking can circumvent the 
HLS theorem and lead to a theory where certain components of the Higgs Boson are in the same 
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SUSY multiplet as the weak gauge bosons, even though they are in different representations 
[12]. 
One of the primary motivations of supersymmetry is to avoid quadratic divergences, 
since they lead to the hierarchy problem [13].  But no supersymmetric partner particles have 
been observed experimentally.  Consequently, a number of authors have explored non-
supersymmetric theories that still avoid quadratic divergences.  One of the early pioneers in this 
regard (Veltman) proposed a condition on particle masses (especially the top quark and Higgs 
boson) that would lead to cancellation of quadratic divergences at the one-loop level [14].  Later 
discovery of the top quark and Higgs boson showed that the original Veltman condition is not 
satisfied at the electroweak scale, although it could potentially be satisfied at the Planck scale 
[15].  More recently, it has been shown by example that it is possible to develop a nontrivial non-
supersymmetric model that features cancellation of quadratic divergences at the two-loop level 
[16]. 
The theory presented here is similar in spirit to that recent work.  In this case, it shows 
that a non-supersymmetric theory with the same particle content as supersymmetric U(3)xU(3) is 
free of quadratic divergences at the two-loop level – at a unification scale where all coupling 
constants are the same.  Why choose that model?  Because after gauge symmetry breaking, the 
model reproduces the main features of the Standard Model. 
A Brout-Englert-Higgs mechanism will be proposed that breaks the gauge symmetry 
down SU(3)xSU(2)xU(1) such that the remaining 2 families of 6 light gauginos are in the (3,2) 
representation of the group and have the same gauge interactions and charge as Standard Model 
left-handed quarks.  Chiral multiplet fermions included in the theory have the same interactions 
and charge as the remaining fermions of the Standard Model (leptons and right-handed quarks), 
and the “slepton” scalars play the role of the Higgs Boson.  The gaugino mass and gaugino-
chiral-multiplet interaction terms produce a seesaw effect that doubles the number of quark mass 
eigenvalues, doubling the effective quark families from two to four.  These terms also mix quark 
mass eigenvalues in a way that can reproduce the CKM mass matrix. 
 
The U(3)xU(3) theory: 
Consider a supersymmetric theory involving two U(3) gauge fields 
A A
m mA A t  , where 
 1,2m  and At are the nine U(3) fundamental representation matrices normalized by 
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  12A B ABtr t t  .  The At include not only the eight SU(3) matrices (denoted by at ), they also 
include the U(1) matrix  0 1
6
diag 1,1,1t  .  The supersymmetric partners of the gauge fields (the 
gauginos) are left-handed 2-component fermions denoted by 
A A
m m t  .  As usual for a 
supersymmetric theory, the gauge fields and gauginos are both in the adjoint representation.  As 
a result, they transform as follows under global gauge transformations 
A A
m mt    of the two 
U(3) groups: 
m mi i
m mA e A e 
     
T T
m mi iT T
m mA e A e 
    
m mi i
m me e 
     
T T
m mi iT T
m me e 
   ,     (1) 
where the superscript T means to take the transpose of the U(3) group matrix. 
The theory also includes two chiral multiplets that are group singlets and twelve chiral 
multiplets that are group 3-vectors, six for each U(3) group.  The 3-vector multiplets are 
comprised of scalars 
 n
mR  and left-handed 2-component fermions 
 n
mR  which are all in conjugate 
representations of the groups, so they transform as follows under gauge transformations: 
   Tmn ni
mR mRe 
       
T
mn ni
mR mRe 
  ,     (2) 
where the index m again denotes one of the U(3) groups, while the indices    1,2n   and 
 1,2,3R  specify a “family” and an Abelian charge, respectively.  The covariant derivatives 
acting on the 3-vector scalar fields are: 
 
     0 0n na aTmR m m R m m mRD ig A t i g A t         ,      (3) 
where 1g  and 2g  are the nonAbelian coupling constants, while 1g  and 2g  are the Abelian 
coupling constants.  The constants R  define the sign and strength of the Abelian interactions 
and are given by 
 1 2      2 3 1   .      (4) 
 To describe how the singlet chiral multiplets interact with the gauge fields, it is helpful to 
define the following 6x6 notation for the U(3)xU(3) group matrices:   
 1
0
0 0
A
A tT
 
  
 
  2
0 0
0
A
A
T
t
 
  
 
.      (5) 
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In this notation the upper (lower) 3x3 diagonal block is associated with fields with the index m=1 
(m=2).  One can define matrices that mix the Abelian parts of the two U(3) groups as follows: 
  0 0 01 11 22 12
0
0
H
I
T T T
I
 
    
 
  0 0 01 10 1 22 12
0
0
I
T T T
I
 
     
 
,  (6) 
where I represents the 3x3 unit matrix.  The two singlet chiral multiplets of the theory couple 
only to the Abelian gauge field  0 0 01 1 22HA A A     with group structure proportional to 
0
HT .  
One of the multiplets  ,H H    is in the fundamental representation, and the other  ,H H    
is in the conjugate representation.  It is assumed that the superpotential includes terms that 
generate very large masses HM  (e.g. Planck scale) for these fields. 
The supersymmetric Lagrangian  SUSYL  for the U(3)xU(3) gauge theory involving the 
chiral multiplets described above is not written down explicitly here, but its form can be deduced 
from the general SUSY Lagrangians presented in many reviews (see for example eq. (5.11) of 
[1]).   
 Next consider a Lagrangian L  with broken supersymmetry.  L  is the same as SUSYL , 
except that the 18 adjoint gauginos have been replaced with 2 “families” of 9 gauginos, each in 
the (3,3*) representation of U(3)xU(3).  In L , the gauginos transform as follows under gauge 
transformations: 
 
   1 2
Tn ni ie e        2 1
Tn T n Ti ie e        (7) 
where    1,2n   is the same index as the “family” index used for the chiral multiplets.  
Comparing SUSYL  to L , the gaugino combination that couples to the singlet fields is denoted by: 
 For SUSYL :  0 01 1 22H      
 For L :
    1 0 2 012H            (8) 
By construction, the only changes to the Lagrangian in going from the supersymmetric 
theory to the nonsupersymmetric one ( SUSY L L ) are in the following terms that involve 
gauginos: 
      2 tr 2 tr n nm m
m n
i i                   (9) 
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         1 1 2 22 tr , 2 tr n n na a a a a Tam m m m
m n
g A t g A t g A t                  (10) 
       * 0 0
, ,
2 . .
n nT
mR m m R m m mR
n m R
i t g g h c          
                      0 00 02 2 2 2 1 2 1 1 1 1
,
2 . .
n T n T n n n T n T n n
R R R R R R
n R
i g t g g g t g g h c                  
            (11) 
   * *0 0
/ /
2 . . 2 . .S S S SH H H H H H
S S
ig S h c ig S h c 
   
          ,   (12) 
where the sign and notation conventions of [1] have been used above.  The last expression is 
evaluated at a unification scale where coupling constants are equal, so the notation 0 1 2g g g    
is used.  All of the above interactions for L  are gauge invariant under the transformations of eq 
(7).  One consequence of this is that since the gauginos of L  are in the (3,3*) representation, eq 
(11) introduces an interaction between chiral multiplet fields in the two different U(3) groups.  
This interaction is what will allow sleptons to play the role of a Higgs Boson and impart masses 
to quarks.  
 It should be noted that both SUSYL  and L  are assumed to have “soft” supersymmetry-
breaking terms in them.  Most of these terms (e.g. scalar mass and interaction terms) are exactly 
the same in both Lagrangians.  The “soft” gaugino mass terms are slightly different (mainly in 
notation), but these terms are unimportant when evaluating quadratic divergences.   
The Appendix of this paper shows the following:  a) L  has no one-loop quadratic 
divergences at any scale, and b) L  has no two-loop quadratic divergences at a unification scale 
where all coupling constants are equal.  In other words, one may begin with a supersymmetric 
U(3)xU(3) Lagrangian, then “twist” the gauginos from being in the adjoint representation to 
being in two copies of the (3,3*) representation, and arrive at another Lagrangian that is free of 
quadratic divergences to at least the two-loop level of perturbation theory.   
 The second part of the paper is devoted to motivating why such a result might be 
interesting.  In the second part, it is argued that if certain assumptions are made about the 
U(3)xU(3) gauge symmetry getting broken down to SU(3)xSU(2)xU(1), then the gauginos look 
like Standard Model left-handed quarks and the sleptons look like Higgs Bosons.     
 
6 
 
Spontaneous Symmetry Breaking to SU(3)xSU(2)xU(1): 
 The first gauge symmetry breaking assumption is that at the unification scale, a Brout-
Englert-Higgs mechanism imparts a large vacuum expectation value (vev) * 1
2H H
i    to 
the fundamental-representation singlet scalar field.  This causes the Abelian gauge field 
0
HA   to 
acquire a large mass on the order of 0 Hg  .  Through eq (12), 
*
H
  also leads to a 3x3 mass 
matrix involving the fermion fields H  and H
 .  In the basis H , H
 , H
 , the mass matrix 
takes the form: 
 
0
0
0 0
0
0 0
H
H H
H
g
g M
M


 
 
 
 
 
.        (13) 
Two eigenvalues of this matrix are heavy and one is zero.  If the singlet scalar mass HM  (Planck 
scale) is much larger than 0 Hg   (unification scale), then the eigenvector associated with the zero 
eigenvalue is mostly the gaugino H .  In other words, this prescription does not reduce the 
number of gauginos in the effective theory after symmetry breaking.  However, assuming H  
(unification scale) is much larger than the electroweak scale, the symmetry breaking effectively 
reduces the number gauge bosons from 18 (for U(3)xU(3)) to 17 (for SU(3)xSU(3)xU(1)). 
The next symmetry breaking is from SU(3)xSU(3)xU(1) to SU(3)xSU(2)xU(1).  For this 
stage, it is assumed that another Brout-Englert-Higgs gauge symmetry breaking mechanism at 
the unification scale generates the following vevs  
 
   1 2
2 3 2 3
0
0R R
Xi
 

 
 
 
   
 
 
.        (14) 
These vevs generate large masses for 5 of the 17 gauge bosons.  The 12 gauge bosons left 
massless after this symmetry breaking are those with group structures 1
aT , 12T , 
2
2T , 
3
2T  and 
 0 81 0 25 2
YT T T   (using notation from eqs. (5) and (6)).  These 12 gauge fields correspond to 
the SU(3) gluons, the SU(2) gauge bosons, and the U(1) Weak hypercharge of the Standard 
Model.  Written explicitly, the group structure of the Weak hypercharge is 
 3 2 2 23 3 32 5 diag , , ,1,1,0
YT     , and the coupling constant associated with it will be denoted by 
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Yg .  At the unification scale the SU(3), SU(2), and U(1) coupling constants are all equal 
( 1 2 Yg g g  ), but at lower scales, they will become different due to renormalization group 
evolution (running) of the coupling constants. 
According to eq. (10), some of the gauginos of the SUSY-broken theory interact with the 
12 remaining gauge fields in the same way as do left-handed quarks in the Standard Model.  To 
make this correspondence more concrete, the individual components of 
 n T  will be labelled as 
follows: 
 
 
     
     
     
1 2 3
1
1 2 32
1 2 3
n n n
n T n n n
n n n
u u u
d d d
X X X

 
 
  
 
 
 
,       (15) 
where lower indices represent color.  In particular, eq. (10) implies that the u and d gauginos 
have the same gauge interactions and Weak hypercharge as up-type and down-type left-handed 
quarks.   
 The vevs of eq (14) impart large masses to the six 
 n
iX  gaugino components mixed with 
the 6 fermions 
 
1 3
n
R   through the following term from eq (11): 
 
     
2 2 3 1 32 . .
n T n T n
R R
n
ig h c     .       (16) 
The above mass term has no contribution from the 0t  term of eq (11) due to the fact that the 
symmetry breaking takes place at the unification scale where 2 2g g  .  After both of the above 
symmetry breaking schemes, the remaining effective theory includes 12 gauge bosons forming 
the group SU(3)xSU(2)xU(1) and 12 gauginos in two families, each in the (3,2) representation of 
the group.  The gauginos have the same group interactions and weak hypercharge as two families 
of left-handed quarks in the Standard Model.   
 Next it is interesting to look at the charges and gauge interactions of the chiral multiplet 
fields identified for this theory.  Since fields with different values of the R index have different 
couplings to the 0 components of the original U(3) fields, they have different Weak 
hypercharges.  In particular, the group structure for the Weak hypercharge for different values of 
the R index is given by  0 81 0 25 2
Y
R RT T T  .  In 6x6 notation, the group structure for the Weak 
hypercharge in the conjugate representation is: 
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 3 4 4 41 3 3 32 5 diag , , ,1,1,2
Y
RT       
 3 2 2 22 3 3 3 32 5 diag , , , 1, 1,0
Y Y
R RT T        .      (17) 
The gauge interactions and Weak hypercharge for the chiral multiplet fermions are 
consistent with labelling their components as follows: 
 
 
 
 
1
1 1 2
3
c n
n c n
R
c n
u
u
u
 
 
 
  
 
 
 
      
 
 
 
 
1
1 2 2
3
c n
n c n
R
c n
d
d
d
 
 
 
  
 
 
 
 
 
 
 
 
2 1
n
n n
R
n
N
E
e
 

 
 
  
 
 
 
     
 
 
 
 
2 2
n
n n
R
n
e
N
 


 
 
  
 
 
 
 
 
 
 
 
2 3
n
n n
R
n
E
N
N



 
 
  
 
 
 
. 
            (18) 
The 
 
1 3
n
R   fields are not included above since from eq (16), they acquired heavy masses with the 
 n
iX  gauginos which causes them to decouple.  Fermions with an m=1 index will be identified as 
quarks and those with an m=2 index identified as leptons.  More specifically, 
 c n
iu  and 
 c n
id  
represent the left-handed antiparticles to right-handed up-type and down-type quarks, 
respectively.  The components 
 ne

, 
 ne

 and 
 n  represent left-handed electron-like, positron-
like, and neutrino-like leptons, respectively.  The remaining leptons will be discussed later.   
 At a much lower scale than the unification scale, electroweak symmetry breaking is 
assumed to take place.  Just as in standard Weinberg-Salam theory, this electroweak symmetry 
breaking imparts masses to all of the electroweak gauge bosons except the one with the 
following group structure:   33 5 28 3
Y
R RT T T
   , the photon.  In 6x6 notation, the group structure 
for the photon in the conjugate representation is: 
 3 2 2 21 3 3 38 diag , , ,0,1,1RT

      
 3 1 1 12 3 3 3 38 diag , , , 1,0,0R RT T
 
       .      (19) 
These representations of the photon are consistent with the electric charges implied by the 
labelling of fermion field components in eq. (18).   
The scalar fields 
 
1
n
R  (squarks) cannot have vacuum expectation values since all of them 
have electric charge, but the fields 
 
2
n
R  (sleptons) can have vacuum expectation values for their 
neutral components.  In this theory, it will be assumed that the slepton fields do indeed acquire 
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vacuum expectation values (vevs) through an electroweak Brout-Englert-Higgs mechanism.  In 
particular, their vevs are defined as follows: 
 
 
 
1
2 1 0
0
n
n
R
i
 
 
 
  
 
 
 
   
2 2 2
0
0
n n
R i 
 
 
  
 
 
.      (20) 
The normal definition of vevs for a complex scalar includes a factor of 1
2
.  In the present 
analysis, that factor was left out for later notational convenience.  These vevs impart the 
following masses to the W and Z bosons: 
 
  
2
2 2 2 21
22
,
cos
n
W R W Z
R n
M g M   ,       (21) 
where W  is the Weinberg angle derived in the usual way from the weak coupling 2g  and the 
weak hypercharge coupling Yg . 
 The vacuum expectation values of eq. (20) also generate quark masses through the 
following terms of the gaugino-chiral-multiplet interaction specified in eq. (11):  
                  2 2 1 2 1 2
, 1,2
2 . . . .
n T n T n n n c n n n c n
R R i i i i
n R n
ig h c g u u d d h c    

      . (22)  
There is no 0t  term in the above expression since 
        0 1 1 2 33
n n n n
u d X     decouples at the 
unification scale where the 
 n
iX  fields became heavy.   
It is assumed that the theory also has “soft” gaugino mass terms of the form: 
 
                    1 2 1 21 2 1 2 . .n n n n n ni i i i i i i i
n
M u u M d d M u u M d d h c           (23) 
These gaugino mass terms cause a seesaw mass mechanism, so that the two quark generations 
(n=1,2) each have 2 mass values for their up-type quarks and two more for their down-type 
quarks.  In this way, the theory effectively includes four quark “families”, so it can accommodate 
the three observed families of the Standard Model and would predict an additional heavy up-type 
quark and an additional heavy down-type quark.   
 The quark mass matrix for R=1,2 takes the form: 
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 
   
   
 
1
2
1 1
2
2 2
2
2
2
0 0 0
0
0
0 0 0
R
R R R
R R R
R
g
g M M
M M g
g
 
 




 
 
 
 
 
 
 
,       (24) 
where the basis for the matrix for R=1 is 
       1 1 2 2
, , ,
c c
i i i iu u u u  and for R=2 is 
       1 1 2 2
, , ,
c c
i i i id d d d .  
The eigenvalues of this matrix satisfy a quartic characteristic polynomial equation.  The 
orthonormal eigenvectors Rf  for each of the four eigenvalues Rfm  for each value of R=1,2 are 
given by: 
 
        
   
 
 
   
1 2
2
11 2 2 2 1 2 2 22 2 2 2
2
1 2
cos
cos1
sinsin cos
sin
R R Rf
Rf R Rf
Rf
Rf R RfR R Rf Rf R Rf R
R R Rf
m
mg m
  
 

      
  
 
 
 
  
  
 
 
,  (25) 
where   
      
 
 
      
1 2 1 22 2 2
2
1 2 2 2 12 2
2
tan
Rf R Rf R R Rf R R
Rf
Rf R R Rf R Rf R R
m g m M m M
m M m g m M
 
 
  

  
 
 
 
.  (26) 
From the form of the eigenvectors, it can be seen that this theory will lead to quark mass mixing 
such as is seen in the Cabibbo-Kobayashi–Maskawa (CKM) mass matrix [17-19].  In particular, 
relative complex phases on the slepton vevs can lead to phases in the resulting mixing matrix that 
imply CP violation. 
Setting aside complex phases for now, the mass matrix in eq (24) has 5 parameters for 
R=1: 3 gaugino masses and 2 slepton vevs.  It has another 5 parameters for R=2, for a total of 10 
parameters.  By tuning these parameters, it should be possible to fit to values for the 6 known 
quark masses, the W boson mass, and 3 mixing angles from the CKM matrix.  Once these are fit, 
the parameters should predict masses for two additional quarks.   
An example of how this works can be seen by looking at the (unjustified) approximation 
0RM  .  In that case, the 4x4 matrix in eq (24) becomes two 2x2 matrices that are easily 
solvable.  In particular, one finds the following seesaw mechanism: 
For 0RM  ,               
     22
2
n n n
R R Rm m g     ,      (27) 
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where 
 n
Rm   are mass eigenvalues (
 n
Rm   large and positive, 
 n
Rm   small and negative).  For this 
simplified case, eigenvalues have been denoted as 
 n
Rm   rather than Rfm .  Suppose the top quark 
mass is 
 2
1m  .  Since the top quark’s mass is more than twice that of the W boson, eqs (21) and 
(27) mean that the top’s partner 
 2
1m   would have to have mass less than that of the W.   
If one were to assume that the top’s partner was the charm quark mass, then this would 
imply 
 2
2 1 ~ 15g   GeV.  If the strange and bottom were similarly paired up, and one assumed 
that the up (down) was paired with a very large top’ (down’), those large quark masses would 
have to be in the hundreds of TeV range in order to satisfy eqs (21) and (27).  It is possible that 
one of those heavy quarks could be lower in mass (closer to experimental ranges), if the other 
one was higher by a similar multiple.  Or if the top is paired with the up rather than the charm 
quark (and bottom paired with down rather than strange), then the heavier quarks could have 
masses below 10 TeV.   
 One problem with the approximation 0RM   is that is not able to reproduce the full 
quark mixing seen in the CKM matrix.  To get that mixing, one needs to revert to the more 
realistic case of 0RM  .  The full mass analysis can then only be performed numerically, but 
by looking at various approximations, it seems likely that the additional quarks predicted by the 
theory would still be very heavy compared to experimentally accessible ranges.  
 It is interesting to see how leptons acquire mass in this theory.  The R=1 slepton fields 
can be re-expressed as antisymmetric 3x3 matrices rather than 3-vectors: 
   1
, 2 1,2
n n
M ij ijk R k              (28) 
Just as for the 
c
iu  fields in the SU(5) Grand Unified Theory [20], these matrix fields transform as 
follows under gauge transformations: 
 
   2 2
Tn ni i
M Me e 
           (29) 
and satisfy the following equation 
 
              * * *0 02 1 2 13n n n n n nTA A A TAR R M M M Mt t tr t t           .    (30) 
As a result of eq (29), the following holomorphic terms are gauge invariant and can be included 
in the superpotential of the theory: 
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                1 2 1 23 2 3 2 3 2 2 2 2 22 2 . .n T n n T nR M R R M Ri g g h c           ,     (31) 
                                1 1 1 2 2 1 2 211 2 2 2 3 12 2 2 2 3 21 2 2 2 3 22 2 2 2 32 2 . .n T n n T n n T n n T nR M R R M R R M R R M Ri g g g g h c                       , (32) 
where the superpotential couplings are denoted by 
 n
Rg  or 
 n
n ng    (rather than  ) to avoid 
confusing them with gauginos.  But these couplings should also not be confused with the gauge 
couplings 
mg . 
 Just from the superpotential terms of eq (31), the slepton vevs of eqs (14) and (20) lead to 
the following mass terms for the leptons of eq (18): 
   
                                      1 2 2 2 1 1 1 2 1 23 3 3 1n n n n n n n nX Xg N N E E g E E N N g N N N N             
                                      1 2 2 2 1 1 1 2 1 22 2 2 2 2 1 . .n n n n n n n ng e e N N g N N e e g N N h c                  
(33) 
These terms generate 2x2 mass matrices for 
   n ne e
 
 and 
   n n
E E
 
.  Each of these mass 
matrices have one zero eigenvalue and one nonzero eigenvalue.  The nonzero eigenvalue for 
   n n
E E
 
 should be very large since it is proportional to the unification scale vevs 
 n
X .  
Keeping in mind that the mixing terms of eq (32) can be tuned to add small mass corrections to 
all of the eigenvalues, one could potentially make the following identification:  The zero 
eigenvalue of 
   n ne e
 
 is the electron, the nonzero eigenvalue is the muon, and the zero 
eigenvalue of 
   n n
E E
 
 is the tau lepton.   
Since 
 ne

 are SU(2) singlets, this identification would ensure that only left-handed 
electrons and muons interact with W bosons.  In other words, these two lepton types would 
exhibit “lepton universality” – identical couplings to the W boson.  But if the tau lepton is an 
eigenvalue of  
   n n
E E
 
, then from eq (18), both the left-handed taus 
 nE

 and the right-
handed taus (antiparticles to 
 n
E

) would interact with the W boson.  If 
 nN  (the SU(2) doublet 
partner of 
 n
E

) was very heavy, the 
 nW E

  interaction would be highly suppressed.  But if 
 nN  is not too heavy, one should still see discrepancies in lepton universality for tau leptons.  
Namely, one should see a slight excess of W decays to tau leptons compared to electrons and 
muons.  It should be noted that current experimental precision tau lepton data shows a 2.6 sigma 
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deviation from lepton universality caused by an excess of tau leptons from W decay that “cannot 
be easily understood” [21] in terms of the Standard Model. 
There are a lot of neutral particle interactions in (33) (and in the mixing term (32)) with a 
lot of unconstrained coupling constants.  It is assumed that these constants can be tuned to make 
the electron, muon, and tau neutrinos extremely light but still mix with each other.  The 
remaining neutral particles could be considered Weakly Interacting Massive Particles (WIMPs). 
 It is interesting to say a couple words about the scalar particles of the theory.  First of all, 
it is assumed that “soft” SUSY-breaking terms impart very large masses for all of the squarks of 
the theory.  If this were not the case, then eq (11) which connects leptons with gauginos and 
squarks would imply observable lepton number violation.  It is also assumed that the R=3 
sleptons acquire very large masses in a similar fashion.  It is also assumed that one of the left-
over R=1 and/or R=2 sleptons has a low enough mass to be identified with the observed Higgs 
Boson, while the others are heavier. 
 
Conclusion: 
 This paper presents a theory that is free of quadratic divergences at the two-loop level (at 
a unification scale) and can reproduce many features of the Standard Model and experimentally 
observed particle behavior.   
To derive the theory, one begins with a softly-broken supersymmetric U(3)xU(3) 
Lagrangian that includes chiral multiplets, a superpotential, and standard “soft” SUSY-breaking 
terms.  Such a Lagrangian is known to be free of quadratic divergences.  Next, one replaces the 
18 adjoint-representation gauginos with 18 gauginos in the (3,3*) representation of the group.  
The Appendix shows that this SUSY-breaking replacement does not generate quadratic 
divergences to at least the two-loop level, when evaluated at a unification scale where all 
coupling constants are the same.   
A Brout-Englert-Higgs mechanism breaks the symmetry of the gauge group from 
U(3)xU(3) to SU(3)xSU(2)xU(1).  This heavy symmetry breaking causes 6 gauge bosons and 6 
gauginos to become very heavy and decouple.  The remaining gauge bosons match those of the 
Standard Model, while the gauginos have the same gauge interactions as two families of left-
handed Standard Model quarks.  Supersymmetric interaction terms combined with “soft” 
gaugino mass terms lead to quark mass matrices that double the number of mass eigenvalues and 
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cause CKM-like quark mass mixing.  The theory also accommodates observed charged leptons 
as well as neutrino mixing and could provide an explanation for observed violation of lepton 
universality in precision tau data.  
There are several ways that the work in this paper could be extended.  From a theoretical 
perspective, it would be interesting to explore possibilities for cancellations of quadratic 
divergences beyond the two-loop level, either in terms of U(3)xU(3) or a larger unification 
group. It would also be interesting to flesh out the exact forms of the “soft” SUSY breaking 
terms that would lead to the spontaneous gauge symmetry breaking assumed in the paper. 
From a phenomenological perspective, it would be interesting to verify that the gaugino 
mass and slepton vev parameters of the model can be tuned to reproduce all of the quark masses, 
W (and Z) boson masses, and the entries in the CKM matrix.  After this tuning, it would be 
interesting to see what masses the theory predicts for the additional up-type and down-type 
quarks.  It would also be interesting to verify that superpotential slepton couplings can be tuned 
to reproduce electron, muon and tau masses, almost massless neutrinos, and potentially also 
observed levels of lepton universality violation in W to tau decays.   
 
Appendix: 
 This Appendix shows the following about the SUSY-broken theory L : (a) it is free of 
quadratic divergences at one loop, and (b) it is free of quadratic divergences at two loops at a 
unification scale where all coupling constants are equal.  The strategy employed for (a) and (b) is 
to show that diagrams for L  produce the same results as corresponding diagrams for SUSYL .  
Since SUSYL  is free of quadratic divergences, it means that L  is also free of them to the above-
stated levels of perturbation theory.  The analysis is simplified by the fact that L  is constructed 
to be exactly the same as SUSYL  except for terms involving gauginos.  As a result, it is sufficient 
to just show that any diagrams involving gauginos produce the same results in L  and SUSYL .   
In the SUSY-broken Lagrangian L , the gauginos transform in the (3,3*) representation 
of U(3)xU(3).  As a result, it is helpful to rewrite the nine components of 
 n from eq. (9) in 
terms of their row and column indices  , 1, 2,3i j :  
   1
2
n A nA
ij ijt  , 
   0 0 1
3 2
n n
ij ij kkt   ,      (A1) 
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where the second expression is derived from the first by multiplying both sides by ij , renaming 
the summed indices, then multiplying by 0ijt .  With this notation, eq. (11) can be rewritten: 
      * 0 0
, ,
2 . . SB
n na Ta
mR m m R m m mR
n m R
i g t g t h c          
                      1 12 1 1 1 1 2 2 2 2 13 3
,
. .
n n n n n n n n
Ri ji ij kk R Rj Rj ij ij kk R Ri
n R
i g g g g g g h c                   
         11 1 2 2 3
, ,
. .
n n n
mRj lk m Ri m jl ik m jk il ij kl R m m
m m
m n R
i g g g g h c           

        (A2) 
From a Feynman graph standpoint, the difference between the supersymmetric and 
SUSY-broken theories only shows up in the gaugino propagator and vertices: 
              
                
  
            (A3) 
In these diagrams (and the ones below), a curvy line represents a gauge boson, a straight line 
with curvy overlay represents a gaugino, a straight line represents a fermion, and a dashed line 
represents a scalar.  In the diagrams above, just the group structure is shown.  Soft gaugino 
masses are not included in the propagator diagrams since they do not contribute to quadratic 
divergences.  Also, the interaction of gauginos with singlet chiral multiplets of eq (12) is not 
included since it gives the same results in L  and SUSYL . 
 At the one loop level, the only quadratically divergent diagram involving gauginos is the 
following: 
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        (A4) 
The contribution to this diagram from both Lagrangians is: 
 For SUSYL :     2 2 2 2 2 281 16 3 32 2a am R m ij m R m ijijg t t g g g           
 ForL :       1 13 3m hk il R m m ih kl m hk lj R m m hj klg g g g g g                
 2 2 28 13 3m R m ijg g          (A5) 
In other words, both Lagrangians give the same contribution to that one-loop diagram.  All other 
quadratically divergent one-loop diagrams are the same for both Lagrangians, so L  has no one-
loop quadratic divergences. 
 For two loop diagrams, it is first helpful to look at one-loop propagator corrections that 
involve gauginos.  By a similar calculation for the one-loop scalar diagram, one finds the 
following for the following one-loop correction to the fermion propagator: 
  
 For SUSYL :  2 2 28 13 3m R m ijg g    
 ForL :   2 2 28 13 3m R m ijm mg g           (A6) 
At the unification scale, both Lagrangians give the same contribution. 
 The one-gaugino-loop correction to the gauge boson propagator is given by: 
 
 For SUSYL : 
2 23acd bdc abm mg f f g      
 ForL :   2 23a b abjl jl m m
n
g tr t t g     .     (A7) 
So both Lagrangians give the same contribution, even when not at the unification scale. 
 The one-scalar-loop correction to the gaugino propagator is given by: 
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For SUSYL :     2 2 2 0 0 0 0
,
2 a b Aa Bb A Bm R m
n R
g tr t t g tr t t       
 2 2 2 0 02 ab Aa Bb A Bm R m
R
g g         
ForL :      1 13 3
,
m ip jq R m m ij pq m pk ql R m m pq kl
m R
g g g g g g                
  2 2 21 13 3
,
m ik jl ij kl R m ij kl
m R
g g               (A8) 
In the context of eq. (A1), one can see that both Lagrangians make the same correction to the 
gaugino propagator at the unification scale. 
 The only one-loop propagator correction that is not the same in both theories is the one-
gauge-loop correction to the gaugino propagator: 
     
 
 For SUSYL : 
2 23Aa acd Bb bdc Aa Bb abm mg f f g         
 ForL :      2 2 241 2 3a b aT bTjl ik ik jl mik jl
m
g t t g t t g       .  (A9) 
There are differences in the results of these diagrams, even at the unification scale.   
 Due to the above analysis of one-loop propagator corrections, it follows that at the 
unification scale, all quadratically divergent two-loop diagrams give the same result in both 
theories, with the possible exception of (a) diagrams involving one-gauge-loop corrections to 
gauginos and (b) diagrams with overlapping divergences that involve gauginos.   
For the former case, the only diagram is: 
     
 For SUSYL :  2 2 42 3 8a ab bm m m ijijg g t t g     
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 ForL :       21 4 13 3 3m hk il R m m ih kl kp lq m m hp qj R m m hj pq
m
g g g g g g g           

       
      2 2 2 2 2 22 11 2 9 34 m m R m m R m m ijg g g g g g g g             (A10) 
For the R=2,3 scalars where 1R  , both theories give the same result at the unification scale.  
For R=1 scalars where 2R   , L  has an extra 
48
3
g (where g is the unified coupling), so the 
two theories give different results. 
 But the above diagram should be considered in conjunction with the diagram below: 
 
 For SUSYL :  4 42 4abc a c bm mijg if t t t g    
 ForL :       21 13 3Ta am hk il R m m ih kl m m hp kq m pq jl R m m pj qlg g g g t t g g g                
  2 2 894m m m m R m m ijg g g g g           (A11) 
At the unification scale, these diagrams are the same for both theories for R=2,3, but for R=1, L  
has an extra 
48
3
g , exactly the opposite of the difference for R=1 in (A10).  Since the rest of the 
structure (momentum, spin, etc.) is the same in both diagrams for the quadratically divergent 
part, those differences cancel for the quadratically divergent parts of those diagrams.  In other 
words, for R=1,2, or 3, there is no difference between SUSYL  and L  in the sum of quadratically 
divergent contributions coming from diagrams (A10) and (A11). 
 The only other quadratically divergent diagram involving gauginos and overlapping 
divergences is the following: 
         (A12) 
Since the gaugino-chiral-multiplet interaction is so similar in both theories, it is straightforward 
to verify that this diagram gives the same result in both theories at the unification scale.   
This Appendix has shown that when all coupling constants are equal, the sum of 
quadratically-divergent parts of all two-loop diagrams for L  is the same as that for SUSYL .  Since 
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SUSYL  is free of quadratic divergences, L  is also free of quadratic divergences at the two-loop 
level at a unification scale where all coupling constants are equal. 
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